Petri dishes. The discs were satisfactory for immediate use or could be used after drying. Discs containing sodium thiosulfate and ferric ammonium citrate but no glucose were impregnated by touching to the surface of the solution with forceps and allowing them to become saturated by capillary action. After drying on aluminum pans overnight at 37 C, the discs were placed in loosely capped vials and sterilized with dry heat at 140 C for 3 hr. All solutions for impregnating discs were adjusted to contain the desired amount per disc in 0.08 ml, the absorptive capacity of a disc.
To provide a simple experimental system, discs were charged with substrate and indicator, only. Discs containing varying amounts of a substrate, such as sodium thiosulfate or cysteine, and an indicator, such as ferric ammonium citrate or lead acetate, were prepared and tested on plates and tubes inoculated with various test organisms.
For comparison, some discs were prepared with complete Bacto-peptone iron agar (PIA)5 formula (minus agar) at 10 X normal strength according to Snyder's directions (Snyder, 1954) When the discs containing glucose, ferric ammonium citrate, and sodium thiosulfate were tested in trypticase agar base stabs using the same cultures, it was found that glucose was not necessary for the tube test. In fact, glucose in amounts higher than 1 mg appeared deleterious and inhibited blackening with some of the weak hydrogen sulfide-producing strains of Salmonella typhosa. Complete agreement was found with control media using discs supplemented with 1 mg glucose. The only discrepancy between results using discs without glucose and the control (TSI) was with Salmonella pullorum. The effect of glucose on results obtained with sodium thiosulfate and ferric ammonium citrate disctube tests is shown in table 2. Substrates. To demonstrate the effect of the sodium thiosulfate concentration on detection of H2S production, two sets of discs containing varying amounts of thiosulfate were prepared. One set for tube tests contained 1 mg ferric ammonium citrate and graded amounts of thiosulfate while the discs for plate test contained 20 mg glucose and 1 mg ferric ammonium citrate plus varying amounts of sodium thiosulfate. Results obtained with these discs are summarized in table 3. In both plate and tube tests it was found that while a number of test organisms gave positive reactions in the absence of thiosulfate, the number of positives in- 
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ferric ammonium citrate from 0 to 5 mg per disc was employed. Less than 0.1 mg per disc did not give blackening, while 5 mg appeared to cause some inhibition of the reaction. Both 0.1 and 1 mg gave satisfactory tests. An attempt was made to utilize other indicators, such as lead acetate or a mixture of cobaltous and nickel chlorides at 1 mg per disc. These indicators were found to be either toxic (as shown by zones of growth inhibition) and/or too sensitive. Discs using these indicators gave blackening with cultures like E. coli and others which were negative on triple sugar iron agar and peptone iron agar controls.
Buffer. It seemed logical that if fermentation inhibited detection of H2S, as was the case in some instances, the addition of a buffer might yield more positive reactions. Consequently, discs containing 20 mg glucose, 1 mg sodium thiosulfate, and 1 mg ferric ammonium citrate plus Sorensen's phosphate buffer pH 7.0 at a molarity calculated to give approximately 1, 5, and 10 mg phosphate per disc were prepared. When tested with selected cultures it appeared that phosphate was inhibitory to detection of H2S.
Medium and method of use. Since considerable influence is manifested by the medium and by the manner of performing the test, the discs containing 1 mg each of thiosulfate and ferric ammonium citrate were tested against a large number of cultures in several ways. Discs were placed on the surface of a trypticase soy agar plate and overlayed with seeded trypticase soy agar. Deep tubes of trypticase soy agar were stabbed and discs introduced to the surface of the agar. In addition, discs were tested on trypticase agar base stabs and tubes of phenol red broth base and heart infusion broth. The results of this experiment are shown in table 5. Only when discs were used in trypticase agar base stabs could adequate correlation with controls be obtained. When other methods were employed, cultures such as E. coli showed blackening with the discs which was inconsistent with reactions on triple sugar iron agar slants.
DISCUSSION
The results obtained lend support to the contentions of Soto (1949) and Snyder (1951) and others that paper discs can provide a simple and useful method for performing routine biochemical determinations with bacterial cultures. The rapidity with which results can often be obtained, coupled with the simplicity of operation increase the utility of these methods. In fact, dise methods appear so simple that some workers may have a tendency to disregard instructions for use! The need for strict adherence to directions found to be satisfactory is apparent from the divergent results obtained when the same disc is employed in different ways.
The production of hydrogen sulfide has long been an important and useful character for the separation and identification of cultures. The mechanism of its formation, at least in routine test methods, is not clear however, inasmuch as several compounds can serve as substrates. Peptone with its content of cysteine and cystine serves as a source of sulfur, as does sodium thiosulfate and sodium sulfite (Olitzki, 1954) . Heavy metal salts differ in their sensitivity to the hydrogen sulfide produced, as well as in stability in acid and manifestation of toxicity (ZoBell and Feltham, 1934) . Oxygen is a controlling factor because both hydrogen sulfide and metallic sulfides are subject to oxidation. All this leads to the anomalous situation of cultures with known enzymes attacking both cysteine and thiosulfate failing to show positive reactions in a given test. E. coli fails to blacken multiple sugar iron media although it has cysteine desulfhydrase (Binkley. 1943; Delwiche, 1951; Saz and Brownell, 1954; Metaxas and Delwiche, 1955) and an enzyme attacking sodium thiosulfate (Artman, 1956 ). When tests are made sufficiently sensitive, such cultures do show hydrogen sulfide production.
As pointed out by Cowan (1953) and also Clarke (1953) there is a question as to whether it is more desirable to know absolutely that hydrogen sulfide is produced or whether maximum differentiation (thus minimum sensitivity) is to be sought. In this study, the attempt was made to reproduce the differentiation, however artificial it may be, of the multiple sugar-iron or peptone iron media so widely used for Enterobacteriaceae.
In disc-plate hydrogen sulfide tests using discs containing glucose, the resulting ring of blackening at the edge of the fermentation zone is probably due to a balance between opposing factors. Fermentation establishes sufficiently reduced conditions to overcome the deleterious effect of the high oxygen tension on the plate. This allows hydrogen sulfide to be formed at a rate which produces visible blackening due to the reaction with iron. Thus no blackening will occur in the absence of fermentation under these conditions. On the other hand, ferrous sulfide is unstable in acid and de composes to yield hydrogen sulfide again (Mellor, 1930) .
Thus only at the edge of the fermentation zone where the pH is sufficiently high will the black iron sulfide accumulate. In tubes the effect of fermentation acids is to prevent blackening. That the lack of blackening does not mean cessation of hydrogen sulfide production was shown by the browning of lead acetate papers suspended over tubes in which fermentation acids prevented blackening.
While the formation of hydrogen sulfide from cysteine by the cysteine desulfhydrase was described bv Smythe (1942) 
